We analyze whether biodiversity is enhancing the development process in developing countries (DCs) via increasing tourism receipts in a trade based endogenous growth framework. The underlying assumption is that a rich biodiversity -only if used sustainably -provides a comparative advantage in tourism for most DCs. The main empirical findings are that biodiversity while being significantly and positively correlated with inbound tourism receipts in DCs, has no significant relation with tourist arrivals. This can be interpreted as an indicator that mass tourism is not influenced by biodiversity whereas individual tourism (as the superior good) is. Consequently, we are able to show empirical a positive influence of sustainable tourism on economic growth. Therefore, it may be a promising development strategy to invest in biodiversity and attract high budget tourists.
Introduction
International trade in tourism has become an important source of revenues for developing countries (World Tourism Organization 2008) . This trend is feeding hopes that the development process can be enhanced without taking the same route as industrialized countries, i.e. via leap-frogging. A huge literature is supporting this view. At the same time, environmentalists fear that increasing tourism destroys significant parts of the environment and reduces biodiversity in developing countries.
A worsening environmental quality may be adverse to economic growth; at least in the long run. This concern has increasingly been taken into consideration in development economics. We also consider it by discussing the question of how and to what extent biodiversity can be interpreted as an input for sustainable growth.
Applying a trade based growth-model, we discuss the chance to use biodiversity as a driver of development, thereby overcoming the trade-off between economic and ecological aspects. Based on earlier work by Freytag and Vietze (2009), which shows that (1) biodiversity is constituting a comparative advantage in tourism, that (2) the degree of endangered biodiversity is negatively affecting absolute inbound tourism receipts and that (3) the degree of biodiversity is positively affecting these receipts, we analyze how these results change when we focus on tourism arrivals rather than tourism receipts. This difference may be crucial as both the data for receipts and arrivals do not distinguish between sustainable (individual) and mass tourism. However, we can assume that spending in tourism is faster responding to income rises of potential tourists than the number of arrivals, i.e. their increasing income in countries of origin does not increase the number of arrivals to the same extent as the receipts in the destination countries. Arrivals thereby rather mirror mass tourism, where receipts can be a proxy for sustainable tourism. Hence, the latter is treated as a superior good, whereas mass tourism is not.
The remainder of this paper is organized as follows. After a literature review about the effects of tourism on growth, we first theoretically and in a second step empirically analyze how tourism can affect economic growth via biodiversity.
Cautious policy conclusions round off the paper.
Tourism, Environment and Economic Development: The Literature
In developing countries, international tourism may well become a relevant factor for economic development. Two conditions seem crucial for this expectation to materialize: first, this development depends on a "terms of trade effect" as long as demand (and prices) increase by a higher rate than world income. In other words, caused by a low elasticity of substitution Brau et al. 2003) tourism is beneficial for growth if the international terms of trade move in favor of tourism services. This is especially the case if tourism is a superior or luxury good, such that consumers' demand increases strongly with rising income (income elasticity of demand higher than one) (Lim 1997; Brau et al. 2003, pp. 16; Divisekera 2003; Eilat and Einav 2004, pp. 1325) . Second, to allow for sustainable growth, tourism suppliers should take notice of the environment, as it has been shown to be an important input for tourism services. Nature is a directly influencing factor for the demand for tourism, as it is discussed in a number of theoretical papers (e.g. tourists. This is a highly relevant outcome not only for ecological purposes but also for economic development, and further supports the view that the alleged trade-off between the economy and the environment is not a natural companion of development. As it may be assumed that developing countries are relatively rich in biodiversity, it can be an important precondition for a growing tourism industry, which then contributes to sustainable development in these countries. A rich biodiversity may provide a comparative advantage for tourism in the developing world.
On the same token, economic growth, trade and especially tourism may also have a negative impact on biodiversity (e.g. Nijkamp 1998; Berno and Bricker 2001; Neto 2003) . As trade and tourism -in particular through the introduction of damaging invasive exotic species -can affect the local biodiversity negatively there may be 1 Biodiversity is differentiated in the standard literature into ecological, organism and genetic diversity (Heywood 1995) . Although our variable introduced below ( BIRDS ) relates to organism diversity, we would favor a more general concept of biodiversity covering the three subcategories. This is however very difficult to measure and to quantify.
rebound effects for a nature based tourism industry (e.g. Kanellakis 1975; McAusland and Costello 2004; Polasky et al. 2004; shown that biodiversity is beneficial for tourism and economic development, it is sensible to invest into biodiversity or create incentives to protect biodiversity.
Given that these conditions are met, tourism is likely to stimulate additional economic activity because tourists demand a number of goods and services: e.g. food, accommodation, transportation, entertainment and local handcrafts as souvenirs.
Since the tourism sector is labor intensive, an increase in employment can be expected (Nijkamp 1998; Sinclair 1998; Deloitte & Touch et al. 1999; Neto 2003, pp. 4ff For general empirical assessments of the relation between biodiversity and economic welfare see Naidoo and Adomowicz (2001) ; Asufu-Adjaye (2003); Barbier and Bulte (2004); Lomborg (2004) as well as estimate the relationship between economic growth and an increase in the number of tourist arrivals per capita conditional on main macroeconomic variables. The findings show that the tourism sector is a driver of economic growth in medium or low-income countries, though not necessarily in developed countries (Eugenio-Martin et al. 2004, pp. 5-11) . Unlike in our analysis below, none of these studies differentiates between sustainable and unsustainable tourism. Hence, they do not discuss long-run effects of tourism. Thus, even given the positive correlation between tourism and short-run growth, mass tourism may not be a growth factor in the long-run. In the following two sections we particularly discuss this problem.
Trade in Tourism and Economic Development: The Theory
Much of the recent growth literature points to the positive role the more innovative sectors plays in explaining economic growth. If considering countries in autarchy, the more innovative sector growths faster in the long-run. If trade induces different countries to specialize in sectors with different dynamic potentials, and technological spillovers across sectors and countries are not strong enough, then uneven growth will normally be obtained (Grossman and Helpman 1991; Aghion and Howitt 1998) .
How can policy contribute to a sustainable growth setting via tourism specialization?
To explain the ability of tourism for economic growth in detail, we use and adjust a model that is derived from a series of papers by Brau et al. (2003) ; Lanza et al. (2003) ; Pigliaru (1994, 2000) . These are based on Lucas' (1988) two sector endogenous growth model. Consider a world formed of two small countries, country T (relative rich of biodiversity B ) and country M (relative rich of human capital L ). Each country is characterized by a two sector economy producing manufactures and tourism with human capital ( L ) as given factor of production. Only the production of tourism requires biodiversity ( B ) as additional input. The assumption of biodiversity being a factor of production is not standard in the literature (e.g. Taylor 1997, 1998; Hannesson 2000; Polasky et al. 2004; Smulders et al. 2004 ). Nevertheless, it seems highly plausible to treat biodiversity as factor rather than as product: First, tourists consume services such as recreation and sightseeing. Nature is an input to provide these services. Second, given that property rights are assigned correctly, biodiversity can be analytically treated like any given factor of production.
According to Lucas (1988) , the accumulation of human capital via learning by doing is the only engine of growth. The technology to produce the M -and the T -good respectively is: implications for the long-run use of this factor, in particular as a market for biodiversity does not exist without political support. If property rights are not assigned correctly, the factor price of B is zero and nature will be overused. Country T then faces a typical problem of a common property. In this case it is impossible to exclude producers from the (unsustainable) utilization of biodiversity, but they compete for biodiversity B . Thus, the assignment of biodiversity property rights plays a major role for the factor price and factor use. Now, to simplify, in the next steps we assume that
The potential for learning by doing in the respective sector i γ is constant. We assume in our model that manufacturing as "high technology" is the high skilled sector, so that M T γ γ > . This assumption seems to be plausible, as the tourism sector 3
There is of course a natural steady decline of the number of species. But these decline rates are -first -very small and not relevant in the short-run; and matter -second -mainly for taxa like mosses, insects and molluscs and not for "tourism relevant taxa" like vascular plants, birds or mammals (Lomborg 2004, pp. 249-257) . To simplify the model we assume a fixed endowment of biodiversity.
is especially low-skill labor intensive (Nijkamp 1998; Sinclair 1998; Deloitte & Touch et al. 1999; Neto 2003, p. 4ff) . 4 While all companies in the same sector generate the same knowledge accumulation, there are no intersectoral spillovers. This assumption is in accordance with empirical findings. Moretti (2004) finds by using three alternative measures of economic distance -input/output flows, technological specialization, and patent citations -that spillovers between industries that are economically close are larger than spillovers between industries that are economically distant in terms of human capital intensity of the respective industry.
This relates to our model with tourism as part of the "simple service industry" versus manufacturing as human capital intensive industry. In each period, with knowledge accumulations driven by learning by doing, increases in i h are proportional to the sector's labour force. That means that factor movement into one sector leads to a proportional increase of human capital in the respective sector:
The By supposing tourism as high skill sector, it is also possible to construct economic growth theoretically in the standard model by Lucas (1988) . However, it is our aim to show economic growth via tourism as option for (currently) low-skill labor abundant DCs.
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To simplify we do not consider trade-induced habitat effects (e.g. Smulders et al. 2004 ).
Thus, country T focuses on the production of tourism, while country M produces relative more manufactures. The trade implications of this model are the following: country T exports tourism services. In exchange for the consumption of tourism, the citizens of country M export manufactures.
As the production of manufactures requires only human capital M L , international trade will force all countries to specialize completely according to their comparative advantages, so that the growth rate of a country is then:
Hence, as M T γ γ > , the growth rate in countries specialized in M is higher than in tourism countries.
Next, international trade also affects the terms of trade ( 
With complete specialization, under consideration of (4) it follows that
The elasticity of substitution is definite at
. Intuitively σ explains how a consumer's relative choice over consumption items changes as their relative prices change. Or in other words, if the relative prices change at one per cent, by how many per cent changes the consumer's relative choice over consumption.
which refers to a growth rate of the tourism country of
All equations above refer to long-run growth rates in presence of the assumed constant b . Now we consider that at a certain point in time in the tourism specialized country T not the maximum endowment of biodiversity B is used, from what follows t , an additional utilization of biodiversity B leads to an overuse of that resource. In other words: the consumption rate of biodiversity by the tourism industry is higher than the regeneration rate of biodiversity. This assumption has important implications for the long-run use of this factor, in particular as a market for biodiversity does not exist without political support. Without a positive price, there is the danger of an overuse, as biodiversity then can be treated as a common pool property. Thus, the assignment of biodiversity property rights plays a major role for the factor price and factor use.
It is an individually rational action of every tourism manager to assume that if she does not use (and thereby overuse) the biodiversity, her competitors will be doing it.
Then the supply of tourism increases, factor prices tend to not be equalized, and country B experiences a loss from trade (Brander and Taylor 1998 ). This means that if the relative price for tourism increases at one per cent, the relative demand shift from tourism to manufactures is lesser than one per cent. With goods as different as tourism and manufactures in our model, every reason is given for supposing that the elasticity of substitution will be low. This is related to a low price elasticity of demand for tourism which is evidenced by empirical findings, at least aside from mass tourism. 8 Hence, a steady increase in the relative price of tourism leads to a relative low decrease in tourism demand. So, the gains from tourism increases without (relative) demand expansion like more hotels etc. This is the case if consumer preferences are such that tourism specialization (or some types of tourism specialization) is highly valued in the international marketplace.
Hence, there is an additional interpretation that yield further theoretical support:
specializing on tourism (under consideration of 1 σ < ) could be start a growth mechanism. If the manufactures sector, on which only country M is (completely) specialized, growths faster than the tourism sector in country T, an output shift to Tregarding to income effects -and with it an intensifying of the above mentioned terms of trade "improvement" can be reached. In our two-good-two-country world the output expansion of M (as exclusively produced by this country) can be interpreted as relative increase in income in this country compared to country T. If addingempirically well supported -non-homothetic preferences to the model, tourism T is a superior or luxury good, such that consumers' demand increases strongly with 8 Eilat and Einav (2004) empirically find that there is a low price elasticity of demand for tourism to low-GDP destinations, in which tourism are typically no mass phenomenon. Eugenio-Martin et al. (2004) find in an empirical study about the determinants of demand for tourism in Latin America that the relative price of goods and services in a destination is not relevant for the demand of tourism.
increasing income (income elasticity of demand higher than one) (Lim 1997; Brau et al. 2003, p. 16; Divisekera 2003; Eilat and Einav 2004 , p. 1325 , Vietze 2009 ). The consequence is a second growth mechanism, namely an increase of the relative demand of tourism by increasing world GDP. Therefore, the human capital accumulation based increase of GDP in country M tends to result in a higher demand for tourism (which is produced by country T). This causes a relative increase in tourism demand by rising relative prices for tourism, due to the above mentioned terms of trade effect. and therefore a convergence from country T to country M is possible.
Summarizing, we can conclude that economic growth based on a fast and unsustainable increase in tourism supply T leads to a short term over-utilization of the free production factor biodiversity B . Thereby it might hide temporarily the logical long-term decline of biodiversity and with it the growth damaging effects of this (mass-) tourism expansion.
Nevertheless, long term growth is also possible, if consumers' preferences are such that tourism demand is a superior good on international markets. This second mechanism -which is crucially not based on physical (e.g. more hotels) output expansion, but on higher valued and priced tourism supply -makes tourism based sustainable economic development feasible. Hence, this result rests on sustainable tourism, which is using but is not overusing biodiversity ( b b ≤ ). While biodiversity is a common good (competition in consumption) with problems described above, "biodiversity watching" is a public good (no competition in consumption). In turn, this finding suggests the complete allocation of the property rights for biodiversity to private or governmental land owners. If these property rights on B are assigned correctly, rivalry in consumption is likely and a complete exploitation of biodiversity B can be avoided. The land owners' self-interest leads them not to overuse "their" biodiversity.
Trade in Tourism and Economic Development: The Empirical Evidence
The next step to take is to test the theoretical considerations. We want to know whether biodiversity can contribute to growth via the expansion of sustainable trade.
We have to make two distinctions for this purpose: first, we distinguish between OECD and developing countries to figure out whether tourism may be particularly relevant in developing countries. Second, we have to distinguish mass tourism from The most important exogenous variables ( BIRDS and ENBIRDS ) as proxies for biodiversity and its loss respectively are measured by the number of bird species in relation to the size of the country in square kilometers ( 2 km ) as done by Asufu-Adjaye (2003) . Birds are suitable biodiversity indicators (Riecken 1992; DO-G, 1995; Boening-Gaese and Bauer 1996; Plachter et al. 2002; Gregory et al. 2003; BirdLife International 2004; Naidoo and Andamowicz 2005) , especially for studies on a global scale (Bibby et al. 1992; Burgess et al. 2002) : (1) Individual birds usually have large home ranges in complex habitats that require specific structures for several parts of the life-cycle (e.g. nesting sites, hibernation sites). Thus, they respond often very sensitively to changes in their habitat (e.g. due to economic efforts or due to nature protection efforts). (2) Many species are carnivorous, representing high positions in the food chain. Consequently, many bird species are considered as "flagship species" (Lawton et al. 1998 ) whose presence indicates the presence of a species-rich animal and plant community. (3) Birds may represent the best-known animal taxon, and an avifauna is available for all countries. (4) The number of bird species cannot be politically instrumentalized (Metrick and Weitzman 1998; Rawls and Laband 2004) , as long as the counting is done independently. Additionally, we calculate the ratio of endangered bird species to all bird species in a country ( ENBIRDS ). To use ENBIRDS is sensible. It indicates the incentives in a country to preserve nature and represents the common pool property. The list of endangered birds is applied worldwide. Therefore, even if some distortions are in the list, this holds for all countries similarly. These two variables are statistically not interdependent (see Appendix C). See also The descriptive statistics referring to revealed comparative advantage of tourism exports ( RCA ), inbound tourism receipts per capita ( TR ), tourism arrivals ( TA ), bird species in relation to the size of the country ( BIRDS ), the ratio of endangered bird species to all bird species ( ENBIRDS ) and the number of UNESCO world heritage sites in relation to the size of the country ( WHS ) are reported in Appendix D. on tourism demand. As the ratio of WHS do not differ within OECD-countries to a great extent, this result is not surprising. Our variable of interest, the richness of biodiversity in a country, shows the same impact on the absolute amount of inbound tourism receipts for all three estimations. The findings confirm the result that BIRDS is important for absolute tourism receipts in OECD-countries, whereas ENBIRDS impedes tourism exports in developing countries. This exercise shows the relative importance of tourism for developing countries again as well as the relevance of biodiversity protection. It is not distinguished between different forms of tourism. According to our model however, it is sensible to distinguish two types of tourism at this point. Derived from the definition of sustainable development of the Brundtland-Report (UN 1987), sustainable tourism is a tourism development that meets the needs of the present without compromising the ability of future generations of both, visitors and the tourism industry, to meet their own needs. By contrast, unsustainable (mass-) tourism is based on an output expansion at the expense of future generations through an exhaustible consume of nature and culture.
The outcome of our theoretical model suggests that a developing country can maintain a catching-up process by concentrating on sustainable tourism (with relatively high income and low price elasticity of demand) and using its natural endowment as an input into the production process. To the contrary, mass-tourism is obviously less attractive as it could be characterized by the opposite elasticity structure. Therefore, to compete on this market and to increase income and employment via mass tourism, the output measured in tourist arrivals has to be increased over time. This does not necessarily but probably lead to an overuse of the input factor, in particular as mass-tourism depends neither on biodiversity nor on other elements of highly priced tourism such as culture.
The latter has been shown by Bigano et al. (2005) and is further validated in Table 2 .
Instead of the absolute amount of receipts generated through international tourism, we focus on the number of tourist arrivals 11 in 2003 (World Tourism Organization 2007) in a country as endogenous variable, to specify the potential for development via tourism more exactly. As tourism arrivals count the absolute number of foreigners who come into a respective country for holiday purposes, we use this variable to distinguish between high priced quality tourism and mass-tourism. To control this variable for country size and population, we use these as additional control variables. This variable is used in lot of other tourism analyses (Song and Li 2008) . Crouch (1994) indicates that of the 85 tourism studies reviewed, 48 per cent chose tourists arrivals as the measure of demand.
12
The variables are explained in Appendix A. whereas both BIRDS as proxy for biodiversity and WHS as proxy for culture lose their explanatory power. 13 In one case biodiversity has even a significant negative impact on the number of tourists traveling to a country. We find this evidence plausible as arrivals do not say anything about the sustainability of tourism, but rather reflect the share of mass-tourism. The significant positive impact of the number of national borders and length of the coast-line in relation to the size of the country (as proxy for beaches) has on tourism arrivals, is supporting this finding, as low costs for (land-based) travels and nice beaches are typical determinants promoting the demand for mass-tourism. Table 2 shows the results for the whole sample, whereas 14 This variable is also suggested for growth models by Alcala and Ciconne (2004) .
15 Klenow and Hsieh (2007) provide evidence that a high relative price of investment goods can impediment economic growth and development.
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Education is more significant for economic growth in tourism countries (higher share of tourism receipts per GDP) and a simultaneously lower GDP per capita. Thus, the lesson for developing countries is pretty clear. It is not sensible to concentrate on mass-tourism. This market segment is not characterized by high income elasticity of demand and does not provide incentives to invest into biodiversity. Rather, developing countries should take measures to preserve nature and invest into sustainable tourism, which could -via gains from international tradeenhance economic growth and has positive effects on biodiversity, as long as it is the abundant factor.
Summary and Policy Conclusions
In this paper we discuss how biodiversity contributes to trade structures and economic growth in an endogenous growth framework. We conclude theoretically that a long-term growth is also possible in a tourism country with a smaller endogenous growth like in industrialized countries, if these countries being engaged in international trade and consumers' preferences are such that tourism demand is highly valued on international markets.
By testing the assumed effects of the countries' biodiversity endowment on the respective received tourism receipts, our theoretical model gains further empirical support. As there is a robust positive impact of biodiversity on the comparative advantage in tourism services in poor countries (stronger than in the OECD), the potential of sustainable tourism can be seen via absolute inbound tourism receipts per capita. These are positively influenced by the richness of biodiversity and negatively determined by a potential biodiversity loss. Contrarily, if we take only the absolute number of tourism arrivals as endogenous variable taking unsustainable (mass-) tourism into consideration instead, the regression result do not hold stable.
These results support the idea that only sustainable tourism is driven by biodiversity.
By testing the impact of these two different kinds of tourism on economic growth empirically, we conclude that sustainable tourism is beneficial for growth (and therefore for economic development) while unsustainable (mass-) tourism is not growth enhancing in the long-run. To allow for long-term growth, countries must not overuse their nature, here applied as biodiversity, but should use it as a valuable input factor.
Further research is necessary to learn more about price and income elasticityies for sustainable tourism. Nevertheless, our results give us an encouraging hint that it makes sense for developing countries to preserve their biodiversity by assigning the property rights of these natural resource to private or governmental land owners or even to invest into more biodiversity. 
